
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
1 

98
8 

75
0

A
1

��&������������
(11) EP 1 988 750 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 158(3) EPC

(43) Date of publication: 
05.11.2008 Bulletin 2008/45

(21) Application number: 07708125.5

(22) Date of filing: 07.02.2007

(51) Int Cl.:
H05B 3/86 (2006.01) H05B 3/14 (2006.01)

H05B 3/74 (2006.01)

(86) International application number: 
PCT/JP2007/052081

(87) International publication number: 
WO 2007/097193 (30.08.2007 Gazette 2007/35)

(84) Designated Contracting States: 
DE FR IT NL

(30) Priority: 20.02.2006 JP 2006042294

(71) Applicants:  
• Covalent Materials Corporation

Shinagawa-ku,
Tokyo 141-0032 (JP)

• Tokyo Electron Ltd.
Tokyo 107-8481 (JP)

(72) Inventors:  
• SHIBATA, Kazuo

Shinagawa-ku, Tokyo 141-0032 (JP)

• KAWASAKI, Hiroo
Nirasaki-shi, Yamanashi 407-0192 (JP)

• IWATA, Teruo
Nirasaki-shi, Yamanashi 407-0192 (JP)

• AMIKURA, Manabu
Nirasaki-shi, Yamanashi 407-0192 (JP)

(74) Representative: HOFFMANN EITLE
Patent- und Rechtsanwälte 
Arabellastrasse 4
81925 München (DE)

(54) PLANAR HEATER

(57) [Problem to Be Solved]
To provide a plane heater including a carbon wire

heating element which has an arrangement pattern al-
lowing a heating surface to be a substantially uniform
heating temperature plane.

[Means to Solve Problem]
Surface arrangement densities of a carbon wire

heating element CW are different in an inner area and
an outer area located in the periphery. The surface ar-
rangement density in the above-mentioned outer area is
denser than the surface arrangement density in the inner
area. A power supply terminal unit 8 having connection
wires for supplying electricity to the above-mentioned
heating element CW is arranged in the center on the back
side of the above-mentioned silica glass plate-like mem-
ber 2. The connection wires 4a and 4b connected with
the carbon wire heating element in the above-mentioned
inner area are connected with the carbon wire heating
element CW in the inner area in the center of the above-
mentioned silica glass plate-like member. The connec-
tion wires 3a and 3b connected with the carbon wire heat-
ing element in the above-mentioned outer area are ex-
tended from the center of the above-mentioned silica
glass plate-like member toward the outer area, and are
connected with the carbon wire heating element CW in

the outer area, without intersecting the carbon wire heat-
ing element CW in the above-mentioned inner area.
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Description

Technical Field

[0001] The present invention relates to a plane heater,
more particularly relates to a plane heater in which a car-
bon wire heating element is sealed in a silica glass plate-
like member, and is suitably used for heat treatment of
a wafer etc. in a semiconductor fabrication process.

Background Art

[0002] In a semiconductor fabrication process, a sili-
con wafer or the like is subjected to various heat treat-
ments in the process. These heat treatments require
strict temperature control and a heat treatment atmos-
phere is required to be a clean atmosphere which is free
from particles, such as fine dusts.
For this purpose, a heater used for the heat treatments
is required to provide uniform heating performance and
superior temperature rising and decreasing control ca-
pabilities and to satisfy the conditions, for example, non-
emission of polluting matters such as particles.
As an example of the heater for manufacturing semicon-
ductors, there is a heater in which a heating element is
sealed in a support member, such as a quartz glass mem-
ber or the like, together with a non-oxidizing atmosphere
gas.
[0003] As a heater which is considerably suitable for
the manufacture of semiconductors, the present inven-
tors once developed a heater for a semiconductor heat
treatment apparatus, wherein fine carbon single fibers
are bound into a plurality of carbon fiber bundles, which
are woven into a carbon wire heating element sealed in
the support member, such as the quartz glass member
or the like, together with the non-oxidizing atmosphere
gas. The heater is already proposed in Japanese Patent
Application Publication (KOKAI) No. 2000-173750 (Pat-
ent Document 1) and Japanese Patent Application Pub-
lication (KOKAI) No. 2001-332373 (Patent Document 2).
[0004] Now, referring to FIGS. 11 and 12, the heater
as shown in Patent Document 1 will be described. This
heater 50 is arranged such that a heating surface 50a is
formed in the shape of a rectangle plate and a carbon
wire heating element CW is enclosed in a quartz glass
support member 51. A substantially hollow space portion
is formed around the periphery of the above-mentioned
carbon wire heating element CW, and the above-men-
tioned quartz glass support member 51 has a unified
structure except for this space portion.
[0005] As the above-mentioned carbon wire heating
element CW, one that is knitted in the shape of a wire
using a plurality of bundles of fiber bundles in which a
plurality of carbon fibers are bundled is used, for example.
Further, as shown in FIG. 11, the above-mentioned car-
bon wire heating element CW is arranged at a surface
of the quartz glass support member 51 in a so-called
zigzag form.

[0006] Further, a tip of the carbon wire heating element
CW is pulled out almost perpendicularly to a heating sur-
face 50a, and is connected to a Mo terminal wire 53
through a carbon terminal 52. These are arranged in a
quartz glass pipe 54. The Mo terminal wire 53 is connect-
ed to two Mo external connection wires 56 through a Mo
foil 55. In addition, the Mo foil 55 is pinch sealed.
[0007] Further, the heater as shown in Patent Docu-
ment 2 will be described with reference to FIGS. 13 and
14. In a quartz glass support member 61 of a plate-like
heater 60, a heating surface is circular and plate-like, and
the carbon wire heating elements CW are wired at a
space portion 61a inside the support member 61 in a so-
called zigzag pattern form. Further, it is arranged to be
fused to and integral with this quartz glass support mem-
ber 61 except for this space portion 61a. Further, sealing
terminals 62 are connected to both ends of the carbon
wire heating element CW, respectively, and an inert gas
is introduced and sealed in the above-mentioned space
portion 61a.
[0008] Thus, the above-mentioned carbon wire heat-
ing elements as shown in Patent Documents 1 and 2
have small thermal capacity and are excellent in rise and
fall temperature characteristics compared with a metal
heating element etc. , and are excellent also in high tem-
perature durability in a non-oxidizing atmosphere. Since
it is made by knitting a plurality of fiber bundles of thin
carbon single fibers, it is sufficiently flexible in shape, and
has an advantage that it can easily be made into various
structures and shapes compared with a heating element
constituted only by carbon materials.
Therefore, the heater in which this heating element is
sealed together with the non-oxidizing gas in the clean
heat-resistant support member with a high purity quartz
glass member etc. does not generate particle etc., and
it is very suitable as the heater for the manufacture of
semiconductors, as described above.

[Patent Document 1] Japanese Patent Application
Publication No. 2000-173750
[Patent Document 2] Japanese Patent Application
Publication No. 2001-332373

DISCLOSURE OF THE INVENTION

Problems to Be Solved by the Invention

[0009] Incidentally, in the plane heater as shown in the
above-mentioned Patent Document 1, one carbon wire
heating element is wired in the so-called zigzag pattern
form. Further, in the plane heater as shown in the above-
mentioned Patent Document 2, the carbon wire heating
elements passing from a periphery portion toward a cent-
er and from the center to the periphery portion are ar-
ranged symmetrically from left side to right side.
[0010] In the case of such an arrangement pattern of
the conventional carbon wire heating element, there is a
technical problem that unevenness arises in temperature
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distribution on the heating surface, and the inside of a
plane of a heated material can not be heated uniformly.
Furthermore, there is another technical problem that
when the carbon wire heating element is formed and ar-
ranged in the zigzag pattern form or a spiral shape pattern
at regular intervals, the center of the heating surface of
the heater is heated to a high temperature, and the tem-
perature of the periphery side portion becomes low. As
a result, in the case where an in-plane temperature of
the heated material, such as a wafer, is heat-treated uni-
formly, it is not possible to place it directly on the heating
surface, but it is necessary to position a heat equalizing
plate on the heating surface, and place the heated ma-
terial on the heat equalizing plate.
[0011] Under such a condition, it is desired that uneven
heating temperature distribution of the heating surface
may be corrected and that the plane heater may appear
in which the heated material can be placed on the heating
surface not via the heat equalizing plate.
The present inventors have diligently performed re-
search and development paying attention to the arrange-
ment pattern of the carbon wire heating element as one
method of correcting uneven heating temperature distri-
bution of the heating surface. As a result, the inventors
have come to find an arrangement pattern which allows
the heating surface to be a substantially uniform heating
temperature plane, and have completed a plane heater
in accordance with the present invention.
[0012] The present invention is made in order to solve
the above-mentioned technical problem and aims at pro-
viding a plane heater including a carbon wire heating
element having an arrangement pattern which allows the
heating surface to be a substantially uniform heating tem-
perature plane.

MEANS TO SOLVE THE PROBLEM

[0013] The plane heater in accordance with the
present invention made in order to attain the above-men-
tioned object is a plane heater characterized in that a
carbon wire heating element is arranged and sealed two-
dimensionally inside a silica glass plate-like member, sur-
face arrangement densities of the above-mentioned car-
bon wire heating element are different in an inner area
and an outer area located in the periphery, the surface
arrangement density in the above-mentioned outer area
is denser than the surface arrangement density in the
inner area, a power supply terminal unit having connec-
tion wires for supplying electricity to the above-mentioned
carbon wire heating element is arranged in the center on
the back side of the above-mentioned silica glass plate-
like member, the connection wire connected with the car-
bon wire heating element in the above-mentioned inner
area is connected with the carbon wire heating element
in the inner area in the center of the above-mentioned
silica glass plate-like member, and the connection wire
connected with the carbon wire heating element in the
above-mentioned outer area is extended from the center

of the above-mentioned silica glass plate-like member
toward the outer area, and is connected with the carbon
wire heating element in the outer area, without intersect-
ing the carbon wire heating element in the above-men-
tioned inner area.
[0014] Thus, in the plane heater in accordance with
the present invention, the surface arrangement densities
of the carbon wire heating element differ in the inner area
and the outer area located in the periphery. Since the
surface arrangement density in the above-mentioned
outer area is denser than the surface arrangement den-
sity in the inner area, the temperature distribution of the
heating surface can be made uniform and the in-plane
temperature of the heated material can be made uniform.
Further, in the plane heater in accordance with the
present invention, the power supply terminal unit having
the connection wire for supplying electricity to the above-
mentioned carbon wire heating element is arranged in
the center on the back side of the silica glass plate-like
member, attaining miniaturization compared with the
heater which has two terminal units as shown in FIG. 14.
Furthermore, without intersecting the carbon wire heat-
ing element in the inner area, the connection wire con-
nected with the carbon wire heating element in the above-
mentioned outer area is extended from the center toward
the outer area, and is connected with the carbon wire
heating element in the outer area, whereby heat accu-
mulation can be controlled, early degradation by devitri-
fication of the silica glass plate-like member can be pre-
vented, and the temperature of the heating surface can
be made more uniform.
[0015] Now, it is desirable that the above-mentioned
carbon wire heating element and the above-mentioned
connection wire are the carbon wires made by knitting a
plurality of fiber bundles (which are made by bundling
the carbon fibers) to be in the shape of a braid or in the
shape of an interlace. In the case where the connection
wire is constituted by ones that are obtained by binding
a large number of carbon wires of the same structure as
the above-mentioned carbon wire heating element, a low
resistance area can be formed more simply, while main-
taining good electric connection.
[0016] Further, it is desirable that the above-men-
tioned silica glass plate-like member is disc-shaped, and
a boundary between the above-mentioned inner area
and the outer area exists at a distance of between 79%
and 86% of a radius from the circle center in the plane.
In the case where the boundary between the inner area
and the outer area on the surface of the above-mentioned
silica glass plate-like member is at a distance less than
79% of the radius from the circle center in the plane, the
outer area is large and the high temperature occurring in
the center as in the conventional technology cannot be
avoided. As a result, surface uniformity of the heating
surface is inhibited. On the other hand, in the case where
the boundary between the inner area and the outer area
of the arrangement pattern is at a distance greater than
86% of the radius from the circle center in the plan, the
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outer area is small, a heat generation rate in the outer
area is insufficient, and the surface uniformity of the heat-
ing surface is inhibited.
[0017] Further, it is desirable that the above-men-
tioned silica glass plate-like member is rectangular, and
the boundary between the above-mentioned inner area
and the outer area exists at a distance of between 79%
- 86% of 1/2 length of one side from a rectangle center
in the plane. As described above, in the case where the
boundary between the inner area and the outer area on
the surface of the above-mentioned silica glass plate-like
member is at a distance less than 79% of the radius from
the rectangle center in the plane, the outer area is large
and the high temperature occurring in the center as in
the conventional technology cannot be avoided. As a re-
sult, the surface uniformity of the heating surface is in-
hibited. On the other hand, in the case where the bound-
ary between the inner area and the outer area of the
arrangement pattern is at a distance greater than 86%
of the radius from the rectangle center in the plane, the
outer area is small, the heat generation rate in the outer
area is insufficient, and the surface uniformity of the heat-
ing surface is inhibited.
[0018] Furthermore, it is desirable that the above-men-
tioned silica glass plate-like member is disc-shaped and
the connection wire which is extended from the above-
mentioned center toward the outer area and connected
with the carbon wire heating element in the outer area
exists in a diameter position of the disc-shaped silica
glass plate-like member, and that bordering the above-
mentioned connection wire, the above-mentioned car-
bon wire heating elements are connected together elec-
trically in parallel on both the inner area side and the
outer area.
By arranging the connection wires in this way, the inner
area can be formed into two areas, and the outer area
can be formed into two areas, and electricity can be
equally supplied to each area.
[0019] Further, it is desirable that the above-men-
tioned silica glass plate-like member is rectangular, and
the connection wire which is extended from the center
toward the outer area and connected with the carbon
wire heating element in the outer area exists on a line
linking respective central points of two opposing sides,
and that bordering the above-mentioned connection
wire, the above-mentioned carbon wire heating elements
are connected together electrically in parallel on both the
inner area side and the outer area.
By arranging the connection wires in this way, the inner
area can be formed into two areas, and the outer area
can be formed into two areas, and electricity can be
equally supplied to each area.
[0020] Further, it is desirable that the area where the
connection wire connected with the carbon wire heating
element in the outer area is arranged is a linear, contin-
uous, and absent area where the carbon wire heating
element passing from the center toward the periphery
side does not exist, and that in the arrangement pattern

of the above-mentioned carbon wire heating element,
the linear, continuous, and absent area of the carbon
wire heating element passing from the center toward the
periphery side does not exist except for the area where
the connection wire connected with the carbon wire heat-
ing element in the outer area is arranged.
Thus, in the above-mentioned arrangement pattern, the
linear, continuous, and absent area of the carbon wire
heating element does not exist from the center toward
the periphery side, whereby the in-plane temperature of
the heating surface can be made uniform, and the inside
of the plane of the heated material can be heated uni-
formly.
[0021] In addition, in the plane heater in accordance
with the present invention, the in-plane temperature of
the heating surface can be made uniform, so that the
heat equalizing plate may be omitted. However, in the
case where the heat equalizing plate is arranged at a top
of the silica glass plate-like member, the inside of the
plane of the heated material can be heated more uni-
formly.
[0022] According to the present invention, it is possible
to obtain the plane heater provided with the carbon wire
heating element having the arrangement pattern which
allows the heating surface to be of the substantially uni-
form heating temperature plane.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023]

[FIG. 1] FIG. 1 is a plan view showing a plane heater
in accordance with a preferred embodiment of the
present invention.

[FIG. 2] FIG. 2 is a side view of the plane heater as
shown in FIG. 1.

[FIG. 3] FIG. 3 is a sectional view showing a left-
hand side portion taken along a line I-I in FIG. 1.

[FIG. 4] FIG. 4 is a sectional view taken along a line
II-II in FIG. 1.

[FIG. 5] FIG. 5 is a sectional view taken along a line
III-III in FIG. 2.

[FIG. 6] FIG. 6 is a view showing a carbon wire heat-
ing element.

[FIG. 7] FIG. 7 is a view showing areas where the
plane heater as shown in FIG. 1 is divided.

[FIGS. 8] FIGS. 8 are equivalent circuit diagrams of
the plane heater in accordance with a preferred em-
bodiment of the present invention.

[FIG. 9] FIG. 9 is a view showing a modification of
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the plane heater in accordance with a preferred em-
bodiment of the present invention.

[FIG. 10] FIG. 10 is a view showing a modification
of the plane heater in accordance with a preferred
embodiment of the present invention.

[FIG. 11] FIG. 11 is a plan view showing a conven-
tional plane heater.

[FIG. 12] FIG. 12 is a side view showing the conven-
tional plane heater.

[FIG. 13] FIG. 13 is a plan view showing another
conventional plane heater.

[FIG. 14] FIG. 14 is a side view showing another
conventional plane heater.

DESCRIPTION OF REFERENCE SIGNS

[0024]

1: plane heater
1a: heating surface
2: silica glass plate-like member
2a: first silica glass member
2b: second silica glass member
2c: third silica glass member
2d: groove
2e1: groove
2e2: groove
3a: connection wire
3b: connection wire
4a: connection wire
4b: connection wire
5a: silica glass pipe
5b: silica glass pipe
6a: silica glass pipe
6b: silica glass pipe
7: silica glass pipe of large diameter
8: power supply terminal portion
CW: carbon wire heating element
CWA: carbon wire heating element in area A
CWB: carbon wire heating element in area B
CWC: carbon wire heating element in area C
CWD: carbon wire heating element in area D
L: boundary

BEST MODE FOR IMPLEMENTING OUT THE INVEN-
TION

[0025] Hereafter, a preferred embodiment in accord-
ance with the present invention will be described with
reference to FIGS. 1 through 8. It should be noted that
FIG. 1 is a plan view showing a plane heater in accord-
ance with a preferred embodiment of the present inven-
tion, FIG. 2 is a side view of the plane heater as shown

in FIG. 1, FIG. 3 is a sectional view taken along a line I-
I in FIG. 1, FIG. 4 is a sectional view taken along a line
II-II in FIG. 1, FIG. 5 is a sectional view taken along a line
III-III in FIG. 2, FIG. 6 is a view showing a carbon wire
heating element, FIG. 7 is a view showing four areas
where the plane heater as shown in FIG. 1 is divided,
and FIGS. 8 are equivalent circuit diagrams of the plane
heater in accordance with a preferred embodiment of the
present invention.
[0026] As shown in FIGS. 1 and 2, as for this plane
heater 1, a heating surface 1a is formed in the shape of
a circular plate, and a carbon wire heating element CW
is sealed in a silica glass plate-like member 2. The above-
mentioned silica glass plate-like member 2 is constituted
by a first silica glass member 2a, a second silica glass
member 2b, and a third silica glass member 2c.
It should be noted that by "carbon wire heating element
is sealed" in the present invention is meant that the car-
bon wire heating element is hermetically sealed so as
not to be exposed to open air.
[0027] Tops and bottoms of the first silica glass mem-
ber 2a and the third silica glass member 2c are formed
in the shape of a plate. On the other hand, as shown in
FIGS. 3 and 4, grooves 2d with the same shape as the
arrangement pattern shown in FIG. 1 are formed at a top
of the second silica glass member 2b. Further, grooves
2e1 and 2e2 extending from the center in the diameter
direction are provided at the bottom of this the second
silica glass member 2b.
[0028] In this plane heater, the heating surface 1a is
divided into four areas A, B, C, and D as shown in FIGS.
1 and 7. In other words, the carbon wire heating element
CW is arranged at each of the areas A and B obtained
by halving the inner area of the heating surface 1a, and
the areas C and D obtained by halving the outer area
located in the periphery of the inner area of the above-
mentioned heating surface 1a. It should be noted that
the carbon wire heating element CW arranged in the area
A is referred to as a carbon wire heating element CWA,
the carbon wire heating element CW arranged in the area
B is referred to as a carbon wire heating element CWB,
the carbon wire heating element CW in the area C is
referred to as a carbon wire heating element CWC, and
the carbon wire heating element CW in the area D is
referred to as a carbon wire heating element CWD.
[0029] Further, the grooves 2d in the inner area (area
A, area B) of the above-mentioned heating surface 1a is
communicated with through holes formed in a position a
and a position b in the center of the heating surface 1a.
On the other hand, the grooves 2d in the outer area (area
C, area D) of the heating surface 1a are communicated
with through holes formed in a periphery side position e
and a position f of the heating surface 1a.
[0030] Further, one end of the above-mentioned
groove 2e1 is communicated with the through hole
formed in a position d in the center of the heating surface
1a, and the other end is communicated with the through
hole formed in the position f of the periphery portion of
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the heating surface 1a. Similarly, one end of this groove
2e2 is communicated with the through hole formed in the
position c in the center of the heating surface 1a, and the
other end is communicated with the through hole formed
in the position e of the periphery portion of heating surface
1a.
[0031] Then, the carbon wire heating elements CW are
accommodated in the grooves 2d in the inner area (area
A, area B) and the outer area (area C, area D), a con-
nection wire 3b is accommodated in the groove 2e1, and
a connection wire 3a is accommodated in the groove 2e2.
[0032] Further, as shown in FIGS. 2 and 5, a power
supply terminal unit 8 having connection wires 3a, 3b,
4a, and 4b for supplying electricity to the above-men-
tioned carbon wire heating element CW is provided for
a bottom center of the first silica glass member 2a. The
above-mentioned connection wires 3a and 3b are con-
nection wires for supplying electricity to the areas C and
D in the outer area, and the abave-znentioned connection
wires 4a and 4b are connection wires for supplying elec-
tricity to the areas A and B on the center side.
[0033] As shown in FIGS. 2, 4, and 5, the above-men-
tioned connection wire 3a is accommodated in a silica
glass pipe 5a, and the connection wire 3b is accommo-
dated in a silica glass pipe 5b. The silica glass pipes 5a
and 5b which accommodate these connection wires 3a
and 3b pass through the first silica glass member 2a and
are in contact with the bottom of the second silica glass
member 2b.
Therefore, the connection wire 3a enters the groove 2e2
from the silica glass pipe 5a in the position c, passes via
the through hole of the position e, and is connected with
the carbon wire heating elements CWC and CWD in the
areas C and D in the outer area. Similarly, the connection
wire 3b enters the groove 2e1 from the silica glass pipe
5b in the position d, passes via the through hole of the
position f, and is connected with the carbon wire heating
elements CWC and CWD in the areas C and D in the
outer area.
[0034] Further, the above-mentioned connection wire
4a is accommodated in the silica glass pipe 6a, and the
connection wire 4b is accommodated in the silica glass
pipe 6b. These silica glass pipes 6a and 6b pass through
the first silica glass member 2a and are in contact with
the internal bottom at which the through hole formed in
the second silica glass member 2b opens. Therefore, the
connection wire 4a passes via the through hole from the
silica glass pipe 6a in the position a, and is connected
with the carbon wire heating elements CWA and CWB
in the areas A and B on the center side. Further, the
connection wire 4b passes via the through hole from the
silica glass pipe 6b in the position b, and is connected
with the carbon wire heating elements CWA and CWB
in the areas A and B on the center side.
[0035] Further, the ends of all the silica glass pipes 5a,
5b, 6a, and 6b having accommodated therein the above-
mentioned connection wires 3a, 3b, 4a, and 4b are
sealed, and the pipes are accommodated in the silica

glass pipe 7 having a large diameter. The silica glass
pipe 7 with the large diameter is used as a flange or a
shaft for fixing the heater.
Since the connection wires 3a, 3b, 4a, and 4b are thus
collected in the center of the back side of the heating
surface 1a, and arranged as the power supply terminal
unit 8, it can be reduced in size compared with the con-
ventional heater which has two terminal units in the pe-
riphery portion of the heating surface 1a.
[0036] In order to manufacture the plane heater having
such a structure, in a situation where the carbon wire
heating element CW is accommodated in the groove 2d
of the above-mentioned second silica glass member 2,
and connected with each of the connection wires 3a, 3b,
4a, and 4b, the third silica glass member 2c and the sec-
ond silica glass member 2b are fused together to seal
the above-mentioned grooves 2d, and the first silica glass
member 2a and the second silica glass member 2b are
fused together to seal the above-mentioned grooves 2e1
and 2e2.
Then, the ends of all the silica glass pipes 5a, 5b, 6a,
and 6b having accommodated therein the connection
wires 3a, 3b, 4a, and 4b are sealed, and the pipes are
accommodated in the silica glass pipe 7 having the large
diameter. It should be noted that this sealing structure
can be sealed by using a conventionally known pinch
seal structure.
[0037] Further, the arrangement pattern of the carbon
wire heating element CW will be described in particular.
The carbon wire heating element CWA arranged in the
area A is connected with the connection wire 4a in the
position a in the center of the heating surface 1a, ar-
ranged in the arrangement pattern form as shown in FIG.
1, and connected with the connection wire 4b in the po-
sition b in the center of the heating surface 1a.
[0038]  On the other hand, the carbon wire heating
element CWB arranged in the area B is connected with
the connection wire 4a in the position a in the center of
the heating surface 1a, arranged in the arrangement pat-
tern form as shown in FIG. 1, and connected with the
connection wire 4b in the position b in the center of the
heating surface 1a.
The carbon wire heating element CWA arranged in the
area A and the carbon wire heating element CWB ar-
ranged in the area B are thus connected with the con-
nection wire 4a and the connection wire 4b, and therefore
electrically connected in parallel, as shown in FIG. 8 (a).
[0039] Further, the carbon wire heating element CWC
arranged in the area C is connected with the connection
wire 3a in the position d of the periphery side portion of
the heating surface 1a, arranged in the arrangement pat-
tern form as shown in FIG. 1, and connected with the
connection wire 3b in the position f of the periphery por-
tion of the heating surface 1a.
[0040] On the other hand, the carbon wire heating el-
ement CWD arranged in the area D is connected with
the connection wire 3a in the position d of the periphery
side portion of the heating surface 1a, arranged in the
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arrangement pattern form as shown in FIG. 1, and con-
nected with the connection wire 3b in the position f in the
center of the heating surface 1a.
Thus, the carbon wire heating element CWC arranged
in the area C and the carbon wire heating element CWD
arranged in the area D are connected with the connection
wire 3a and the connection wire 3b, and connected in
parallel, as shown in FIG. 8 (b).
[0041] The connection wires 3a, 3b, 4a, and 4b are
thus arranged, so that the inner area can be formed into
two areas and the outer area can be formed into two
areas, which are each connected electrically in parallel,
whereby electricity can be equally supplied to each area.
[0042] Further, as described above, the abode-men-
tioned connection wire 3b passing along the groove 2e1
which extends in the diameter direction and is formed at
the bottom of the second silica glass member 2b, is pro-
vided from the position d in the center of the heating sur-
face 1a to the position f, and connected with the carbon
wire heating elements CWC and CWD.
Similarly, the above-mentioned connection wire 3a pass-
ing along the groove 2e2 which extends in the diameter
direction and is formed at the bottom of the second silica
glass member 2b, is provided from the position c in the
center of the heating surface 1a to the position e, and
connected with the carbon wire heating elements CWC
and CWD.
[0043] These connection wires 3a and 3b are extended
from the center of the heating surface 1a toward the outer
area, without intersecting the carbon wire heating ele-
ments CWA and CWB in the areas A and B.
In other words, in the second silica glass member 2b, the
grooves 2e1 and 2e2 are formed at the bottom of an area
(boundary area between area A and area B) in which the
groove 2d is not formed.
[0044] In the case where the above-mentioned con-
nection wires 3a and 3b intersect the carbon wire heating
elements CWA and CWB in the areas A and B, heat
accumulation arises, and the glass is devitrified (crystal-
lize), and there is a possibility that it may be damaged
by devitrification. Further, even in the case where it is not
damaged, there is a possibility that the in-plane temper-
ature of the heating surface 1a may become uneven.
Therefore, since the grooves 2e1 and 2e2 are formed in
the area (boundary area between area A and area B) in
which the groove 2d is not formed, the heat accumulation
is inhibited, the in-plane temperature of the heating sur-
face can be made uniform, and it is possible to prevent
the devitrification and the damage.
[0045] Further, the arrangement pattern of the carbon
wire heating elements CWA and CWB in the area A and
the area B of the inner area is formed in a symmetric
shape with respect to a point as shown in FIG. 1. Similarly,
the arrangement pattern of the carbon wire heating ele-
ments CWC and CWD in the area C and the area D in
the outer area is also formed in a symmetric shape with
respect to a point. Thus, by causing them to be symmetric
with respect to points, resistances of the carbon wire

heating elements CWA and CWB and the carbon wire
heating elements CWC and CWD are mutually equiva-
lent. Even if they are connected together in parallel, heat
unevenness may be avoided.
[0046] In addition, in the diameter direction of the heat-
ing surface 1a in the area A and the area B of the inner
area, the carbon wire heating elements CWA and CWB
are arranged at intervals of dimension t at substantially
regular intervals. Further, in the diameter direction of the
heating surface 1a in the area C and the area D of the
outer area, the carbon wire heating elements CWC and
CWD are arranged at substantially regular intervals at
intervals of dimension s (i.e., dense) smaller than a space
between the above-mentioned carbon wire heating ele-
ments CWA and CWB. In addition, as for "substantially
regular intervals", each of the above-mentioned sizes t
and s is preferably �30%. When not arranging the heat
equalizing plate at the top of the silica glass plate-like
member in particular, �10% is preferable and �5% is
more preferable.
[0047] Further, except for an area where the connec-
tion wires 3a and 3b connected to the carbon wire heating
elements CWC and CWD in the outer area are arranged,
the above-mentioned arrangement pattern does not
have an area in which the carbon wire heating elements
CWA and CWB do not exist and which is a linear and
continuous area toward the periphery side from the cent-
er (for example, dotted line portion 70 in FIG. 13 showing
the conventional plane heater).
Thus, there is not the linear and continuous area where
the carbon wire heating elements CWA and CWB does
not exist toward the periphery side from the center, so
that the in-plane temperature of the heating surface 1a
can be made uniform, and the inside of the plane of the
heated material 1a can be heated uniformly.
[0048] Further, as shown in FIG. 7, a boundary L be-
tween the inner areas A and B and the outer areas C and
D of the arrangement pattern exists at a distance of be-
tween 79% and 86% of a radius R from the circle center
in the plane of the heating surface 1a. In the case where
the boundary L between these inner areas A and B and
the outer areas C and D is at a distance less than 79%
of the radius R from the center of a circle in the plane,
the outer areas C and D are large, it is not possible to
avoid the high temperature in the center as in the con-
ventional technology, and the surface uniformity of the
heating surface 1a is inhibited. On the other hand, in the
case where the boundary L between the inner areas A
and B and the outer areas C and D is at a distance greater
than 86% of the radius R from the center of the circle in
the plane, the outer areas C and D are small, the heat
generation rate in the outer areas C and D is insufficient,
and the surface uniformity of the heating surface 1a is
inhibited.
[0049] Further, as shown in FIG. 6, as examples of the
above-mentioned carbon wire heating element CW,
there may be mentioned a braid with a diameter of around
2 mm or one that is knitted in an interlace form by means
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of approximately 300 to 350 carbon fibers having a di-
ameter of 5 - 15 Pm (for example, carbon fibers with a
diameter of 7 Pm) which are bundled into approximately
nine fiber bundles.
In the above-mentioned case, a knitting span of the wires
is in the order of 2 to 5 mm, and carbon fiber fluff at the
surface is in the order of 0.5 to 2.5 mm. It should be noted
that the above-mentioned fluff is a part of cut carbon fiber
projecting from the periphery side of the carbon wire as
indicated by reference sign CWa in FIG. 6.
[0050]  Further, a large number of bundled carbon
wires with the same structure as the above-mentioned
carbon wire heating element CW are used for the above-
mentioned connection wires 3a, 3b, 4a, and 4b.
Thus, in the case where the connection wires 3a, 3b, 4a,
and 4b are constituted by ones that are obtained by bind-
ing a large number of carbon wires with the same struc-
ture as the above-mentioned carbon wire heating ele-
ment CW, a low resistance area can be formed more
simply, while maintaining good electric connection.
[0051] It should be noted that, in the above-mentioned
preferred embodiment, the case where the above-men-
tioned silica glass plate-like member is disk-shaped is
described. However, as shown in FIG. 9, the silica glass
plate-like member may be rectangular.
[0052] When the silica glass plate-like member is rec-
tangular, it is desirable that the boundaries L (L1, L2)
between the inner area and the outer area of the arrange-
ment pattern exist at distances of between 79% and 86%
of 1/2 lengths T1 and T2 of sides from the rectangle center
in the plane. In the case where the boundaries L (L1, L2)
between the inner area and the outer area of the arrange-
ment pattern are at a distance less than 79% of the radius
from the rectangle center in the plane, the outer area is
large and it is not possible to avoid high temperature in
the center as in the conventional technology. As a result,
the surface uniformity of the heating surface is inhibited.
On the other hand, in the case where the boundaries L
(L1, L2) between the inner area and the outer area of the
arrangement pattern are at a distance greater than 86%
of the radius from the rectangle center in the plane, the
outer area is small, the heat generation rate in the outer
area is insufficient, and the surface uniformity of the heat-
ing surface is inhibited.
[0053] Further, in the case where the above-men-
tioned silica glass plate-like member is rectangular, as
shown in FIG. 10, it is preferable that the connection wires
3a and 3b which are extended from the center toward
the outer area and are connected with the carbon wire
heating elements in the outer area exist on the line linking
respective central points P1 and P2 of two opposing
sides.
[0054] Further, in the plane heater in accordance with
the present invention, since the in-plane temperature of
the heating surface can be made uniformly, it is not nec-
essary to use the heat equalizing plate. In the plane heat-
er in accordance with the present invention, however, in
the case where the heat equalizing plate is arranged at

the top of the silica glass plate-like member, the inside
of the plane of the heated material can be heated more
uniformly.

INDUSTRIAL APPLICABILITY

[0055] According to the plane heater in accordance
with the present invention, it is possible to maintain the
in-plane temperature of the heating surface to be uniform,
so that the in-plane temperature of a material to be proc-
essed can be made uniform, and it is used suitably for
heat treatments, such as a wafer, especially in a semi-
conductor manufacture process.

Claims

1. A plane heater in which a carbon wire heating ele-
ment is arranged and sealed two-dimensionally in-
side a silica glass plate-like member, characterized
in that
surface arrangement densities of said carbon wire
heating element are different in an inner area and
an outer area located in the periphery, the surface
arrangement density in said outer area is denser
than the surface arrangement density in the inner
area,
a power supply terminal unit having connection wires
for supplying electricity to said carbon wire heating
element is arranged in the center on the back side
of said silica glass plate-like member,
the connection wire connected with the carbon wire
heating element in said inner area is connected with
the carbon wire heating element in the inner area in
the center of said silica glass plate-like member, and
the connection wire connected with the carbon wire
heating element in said outer area is extended from
the center of said silica glass plate-like member to-
ward the outer area, and is connected with the car-
bon wire heating element in the outer area, without
intersecting the carbon wire heating element of said
inner area.

2. The plane heater as claimed in claim 1, character-
ized in that said carbon wire heating element and
said connection wire are carbon wires which are
made by knitting a plurality of fiber bundles made by
bundling carbon fibers and are in the shape of a braid
or in the shape of an interlace.

3. The plane heater as claimed in claim 1, character-
ized in that said silica glass plate-like member is
disc-shaped, and a boundary between said inner ar-
ea and outer area exists at a distance of between
79% - 86% of a radius from a circle center in the
plane.

4. The plane heater as claimed in claim 1, character-
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ized in that said silica glass plate-like member is
rectangular and a boundary between said inner area
and said outer area exists at a distance of between
79% - 86% of 1/2 length of one side from a rectangle
center in the plane.

5. The plane heater as claimed in claim 1, character-
ized in that said silica glass plate-like member is
disc-shaped,
the connection wire which is extended from said
center toward the outer area and connected with the
carbon wire heating element in the outer area exists
in a diameter position of the disc-shaped silica glass
plate-like member, and
bordering said connection wire, said carbon wire
heating elements are connected together electrically
in parallel on both the inner area side and the outer
area.

6. The plane heater as claimed in claim 1, character-
ized in that said silica glass plate-like member is
rectangular,
the connection wire which is extended from the cent-
er toward the outer area and connected with the car-
bon wire heating element in the outer area exists on
a line linking respective central points of two oppos-
ing sides, and
bordering said connection wire, said carbon wire
heating elements are connected together electrically
in parallel on both the inner area side and the outer
area.

7. The plane heater as claimed in claim 1, character-
ized in that the area where the connection wire con-
nected with the carbon wire heating element in the
outer area is arranged is a linear, continuous, and
absent area where the carbon wire heating element
passing from the center toward the periphery side
does not exist, and
in the arrangement pattern of said carbon wire heat-
ing element, the linear, continuous, and absent area
of the carbon wire heating element passing from the
center toward the periphery side does not exist ex-
cept for the area where the connection wire connect-
ed with the carbon wire heating element in the outer
area is arranged.

8. The plane heater as claimed in claim 1, character-
ized in that a heat equalizing plate is arranged at a
top of said silica glass plate-like member.
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